Due to their agile manoeuvrability and simplicity of construction, quadrotor are employed in a variety of applications. Most of their expenses are due to complex control systems, since, to reduce these expenses, low cost control methods which are based on linear models should be used to achieve an autonomous flight. First, the process of accurate dynamic modeling of a sample quad rotor which is simulated by MATLAB SIMULINK is presented. Then, a frequency sweep input stimulates the virtual model in order to identify a linear model based on frequency response analysis. Consequently, the desired linear model is obtained in both hover and yaw mode of motion. However, pitch and roll mode were too coupled, so the assumption of a linear model for these two modes contains considerable errors which cannot be ignored. Finally, stimulating both simplified linear and complex nonlinear system by a doublet input validate that the obtained model is appropriate. This paper proved that using linear model which is obtained by frequency response identification in both hover mode and yaw mode is reasonable as it can make the control system more affordable for an autonomous flight.
Introduction
Recently, the Unmanned Aerial Vehicles have become very attractive for the civil applications. One of the most popular categories of UAVs is the quadrotor because of its several advantages such as Vertical Take-Off and Landing, hovering capabilities, flying at a lower speed, high maneuverability in restricted area [1] . The quadrotor complex and high coupled dynamic system, thus controlling related issues are the dilemma of most of the literature [9] , [11] , [12] . In order to reduce the complexity of this coupled nonlinear dynamic system, some reasonable estimation should be used by the method of system Identification. In this paper explained that utilizing a linear model obtained by the method of frequency response system identification can suffice to design a control system for a quad rotor in both hover mode and yaw mode. This paper is organized as follows. Section 2 briefly describes the quadrotor mathematical model which is obtained by applying the Newton law in the fixed and body coordinate frames and its characteristics. External forces and moments are modeled based on the Blade Element Theory, so the model is much more accurate and more complex. Section 3 estates the simulation process and considerations. After generating the complex virtual model of the quadrotor the system should be identified based on the data acquired in the defined experiments. Section 4 unravels the Identification data acquisition and consistency investigation process. Section 5 illustrated the results of the experiment which are imported to the CIFER to start the process of estimating the linear model. In section 6 the obtained linear model which are tailored as follows, for both hover mode and yaw mode are illustrated. A doublet signal stimulates systems to validate the linear models, section 7 discuss the validation process. Finally in section 8 the conclusions are presented. A sample quad rotor is selected to be the reference of numerical and characteristics data, [2] .
Quadrotor Dynamic Modeling
First, the general form of the equations of motion is derived, and then specialized for a quadrotor based on the characteristic of the matrix of inertia tensor, [3] .
2.1
Assumptions Flying under Mach 5, and at low altitude, the equations of motion are derived considering earth as inertial reference and flat surface. Furthermore, a six degree of freedom simulation seems reasonable, [3] .
2.2
Translational and Angular Equations of Motion Newton's second law is applied with respect to the earth frame "E". In addition, body coordinate system is selected as the preferred coordinate system in which forces and moments are expressed. Also, the rotational derivatives are expressed in the body coordinate system in order to generate the ordinary time derivatives. Therefore, the translational equations of motion in matrix form is
Where g is transformed to the body coordinate system by multiplying into the cosine matrix,   BL T . Further, scalar form of the equation (1) 
In order to analyze the rotational motion the Euler's law, which states that the externally applied moments equals the time rate of change of angular momentum, is employed. Just as the case of translational equations, the body coordinate system is selected to express moment of inertia tensor in constant form. Thus, the nonlinear differential equations of rotational motion is 
2.3
External Forces and Moments From viewpoint of the bond graph theory the source of effort in a quad rotor, is a set of the four rotors locating at the end of the legs, each of which produce Thrust and Hub forces and moments, while resisting, frictional, and gravitational forces act as sinks of effort [7] . The blade element theory is employed to calculate the total forces acting both thrust parallel to the shaft and hub force perpendicular on the rotor shaft as well as torques acting about the rotor shaft axis. There are several assumptions, which should be considered before proceeding any further. The first assumption is that only aerodynamic lift and drag forces act on a section. Forces out of plane with the section are dominated by the centrifugal force, and cancel if the rotor is balanced. Aerodynamic moments are assumed to be negligible by assuming the shear center and aerodynamic center of the blade lie close together. The blades are light enough so that gravity torques may be safely ignored. A blade is assumed to be rigid, so that there is no flapping or coning. Centrifugal stiffening also adds to this effect, and the entire rotor always lies in a plane. To define the reference area of the element, an assumption that the rotor blade has constant chord is made. For cases where the chord is not constant, average chord is used. The coefficient of lift varies linearly with angle of attack. The lift acting on the blade is about an order of magnitude higher than the drag. Moreover, twist is assumed to vary linearly with radial position, [3] , [8] . The rotor advance ratio  , the rotor solidity  and the inflow ratio  , are the parameters needed for external forces to be determined. (6) In particular, the torque acting about the shaft is important because it determines the power required for the motor to keep the rotor spinning around its axis. To calculate this moment, the product of the hub forces and their radial arm should be integrated overall the blades; thus the yawing, rolling and pitching moment could be analyzed. So 
Simulation
The dynamical model derived in the previous sections is used to simulate the quadrotor in a Simulink model. The simulations are split in separate blocks, allowing easy adjustments of the various parts and can be used for various quadrotor platforms by adjusting the parameters. Most of the nonlinearities in a real quadrotor originate from the dynamic of the actuator and the controller, which is not considered here as there is no real actuator in the model. Besides, the processor modeled as a gain transfer function, to maintain the open loop scenario of identification, since considering the complex behaviour of a quadrotor is similar to identifying aircraft when the SCAS is engaged, which should be done after finalizing the SCAS-off scenario of identification [6] . It means no change dedicates to processor and servo dynamic. Furthermore, more nonlinearity is produced when dealing with blade element theory. Including various sources of the nonlinearities, the paper is provided with high level of accuracy, resulting in a sufficient coherence between identified linear model and the nonlinear one, [6] .
Data Analysis

4.1
Input Starting identification in frequency domain, several input and corresponding output are measured. To do so the input channels should be selected. At first glance, sources of energy, rotors, seem proper choices for applying data, but since the rpm of the rotors are dependent due to motion pattern of the quadrotor these ports are initially coupled. Thus, desired result is not obtained. Furthermore, quadrotors are inherently closed loop systems. In this paper, the approach by which input channels are determined is based on motion system of the quadrotor. Generally, any motion of a quadrotor may be considered as combination of roll, pitch, yaw, and hover. Selecting these 4 independent parts of motion as input channel would result in an open model of the system, and consequently, facile the identification. Moreover, rpm is determined based on each input channel by implementing a block named mind, which operates based on the quadrotor designed algorithm. Therefore, the identified transfer function indicates how such dynamic system behaves for the given input.
4.1.1
Input Design There are different methods to design an input for identifying a system. Yet, the recommended input for frequency-domain identification is a frequency sweep because it provides a fairly uniform spectral excitation over the frequency range of interest, which is the frequency range of applicability, a function of both 1) the range over which the frequency response can be accurately identified and 2) the range over which the selected parametric model structure can accurately track the identified frequency responses, [6] .
To Design the frequency sweep the minimum and maximum of the applicable range of frequency should be defined. As an approximation, it is similar to unmanned helicopters [8] which their frequency range is 0.3-15 radian to seconds, yet dynamic of quadrotor is very complex, besides the stimulating frequency for critical modes are not known by our basic science. As a result, a wide range between 0 to 24000 rad/sec is selected for the range of frequency variation. This range is reasonable because it includes the rotor dynamic which is steady at about 3000 RPM. The suggested method of reference [6] to design a virtual input based on its constants which are selected by experience is followed to design the desired input. The amplitude of the input frequency sweep is 2000 rpm around the quad rotor's trim condition in which each motor works with 3000 rpm. A second at the start and end of the sweep assumed for trim condition. It is important to mention that as the process is total virtual and computer based, and no sensor or actuator acts in the system, the sampled data are thoroughly consistent, and no noise or test error occurred during the event.
CIFER: Frequency Response
The above tests are treated as events in CIFER tool, and by the utility FRESPID the process starts. Based on the frequency analysis, the windowing time should be in a specific time intervals that are 3 to 7 seconds. But the optimal windowing time can be found by some trial and error tests, that for each case the same procedure has been followed. When the window parameters are set and no warning and no error found during RUN, the bode plot by the utility QPLOT, in which the coherence (desired when 
5.1
Hover Case This case is indeed a single input single output system so the identification process would not confront with any challenging issues. Figure (6) illustrates that the coherence is desirable for all the range more than 5 rad/sec, although it is oscillating. To check out the data, the autospectrumanalysis have been done on the case, which declare that unless the curves have no ununiform changes, the analysis are reasonable. Figure 6 . the vertical speed to the hover channel
5.2
Yaw Case Yaw rate duo to the equations of motion creates some kind of coupling if there is any initial even low value on other angular velocity components; because of the integration system. In figures (7) the FRESPID analysis results are explained. The other parameters have no changes. The coherence graph shows the performable frequency is the total range. The input auto spectrum emphasizes on the same statement declared above. 
5.3
Roll Case This case has no effect on yaw rate. But it affects the translational motion: Figure 8 . Translational speeds to roll channel The CIFER process is similar to other cases, thus only the results are declared here. The coherence measure is desirable in frequencies about more than 3 rad/sec. Figure 9 . roll rate and pitch rate duo to roll excitation
5.4
Pitch Case This case has no effect on yaw rate. But it affects the translational motion such as roll case. The CIFER process is similar to other cases, thus only the results are declared here. The pitch coherence is more oscillatory than the roll case, but it is desirable for frequencies more than 2 rad/sec such as the roll case. Figure 10 . pitch rate and roll rate to pitch excitation
CIFER: Frequency Response Fitting
Up to this step the frequency responses are defined for the software. In this stage by the use of NAVFIT utility, the transfer function duo to each parameter can be estimated. As the previous results state, the pitch and roll dynamic are highly coupled. Thus, in this section of the paper just yaw and hover case are investigated because of their favourable dynamic. To use this utility, there are two measure of performance which helps to detect the proper model. First measure is the correlation of magnitude plot and second is the act of sitting in the error band. As a result, for each case these two measures are investigated. These results are obtained from high numbers of iteration with FFT analysis. The windowing strategy which is used to define the frequency response and the initial model which user defines for the utility are the most items affect the identification. Yet, those two performance measures make the identification sound reasonable while the process is not rigid.
6.1
Hover Case Figure ( It means that in time intervals such as 2 seconds it is possible to allocate a linear model to the system in hover mode. It is meaningful because as the system starts to move the dynamic response changes duo the change of initial condition. As the known fact which declares that linearization just happens in bounded intervals. So using this transfer functions with bare dynamic, just is possible in 2 seconds.
6.4
Yaw Case 
Validation
To validate the process, the identified model should be checked with a different input and the time response should be compare with the simulation response. This input is usually a doublet. At this step two linear single input single output transfer function defined for each vertical speed to hover channel changes and yaw rate to yaw channel changes. As mentioned before the roll rate and the pitch rate are thoroughly coupled and their analyses are beyond the scope of this report.
Conclusion
The Quad Rotor dynamic is highly coupled and unstable in pitch and roll axis, duo to this fact the NAVFIT analysis and the following related operations left for more concentrated report. Just hover and yaw dynamics which are uncoupled by initial trim condition, zero angular velocity, are the core of the paper. The quad rotor simulation is somehow innovative as no other case in the literature use the blade element theory duo to its caused nonlinearities. The most attracting issues about quad rotors appear in its closed loop investigation and identification. The high level of automation, autonomous flight is a subject of declared area. The designation of the quad rotor CPU is a goal achieved by this method. This paper just proves that for a specific quad rotor it is possible to estimate a linear simple model for the nonlinear complex reality for the uncoupled dynamics in a small time interval. For the expansion of this work, the coupled dynamics should be identified and the MISOSA utility of CIFER software should be applied.
